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SUMMARY 


In order to plan for the finite element structural analysis of future 
aircraft at Northrop, five static analysis techniques using the MacNeal- 
Schwendler Corporation version of NASTRAN are evaluated. The structure is 
analyzed as: 

1. A single model with a symmetric loading condition, 

2. A single model with symmetric/unsymmetric loading conditions. 

3. Three substructures in three phases using tape storage with a 
symnietric loading condition. 

4. Three superelements using data base storage with a symmetric 
loading condition. 

5. Three superelements using data base storage with cyclic symmetry 
for symmetric/unsymmetric loading conditions. 

The superelement techniques prove superior to the single model approaches by 
reducing computer time for redesign work by as much as 70 percent. 

Job control errors are also substantially reduced by using the NASTRAN 
data base in place of the tapes necessary in substructuring. The evaluation 
indicates that the superelement methods are more productive than the single 
model and substructure methods when a large amount of computer resources for 
a stress analysis are required. 


INTRODUCTION 


Before scheduling a Jar^e project using finite element analysis, the 
specific solution methods i.hosen must be thoroughly tested. This is true not 
only for the analysis flow, which in the case of NASTRAN is the Direct Matrix 
Abstraction Program (DMAP) , but also for internal software restrictions and 
data center hardware constraints. 

Too often the analysis method selected is based upon small prototype 
testing. This, coupled with an incomplete understanding of both the finite 
element program being used and the peculiarities of the computer system in a 
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large solution environrie.it, frequently leads to: 

(a) Deadlines con: sfently missed. 

(b) Complaints aga'nst the finite element program being used, 

(c) The computer system "crashing" during excessively long computer 
residency . 

(d) Computer runs terminated due to insufficient core or data base 
space . 

An effort was started in 1977 w!thin the NASTRAN group at Northrop to 
evaluate these problem areas prior to selecting a method of analysis for a 
new aircraft project. A small prototype model (Figure 1) and an actual pro- 
duction model containing 9500 degree-s of freedom (Figure 2) were selected 
for evaluating the MSC superelement capability. The results are compared 
here with previous results using a single model and substructure approaches. 
Five criteria for this comparison are: 

(1) NASTRAN software behavior. 

(2) Hardware limitations. 

(3) CPU time for a preliminary analysis. 

(4) CPU time for a redesign analysis. 

(5) Total calendar time. 


TESTING PROCEDURE 


Realistic evaluation of the MSC/NASTRAN superelement analysis method is 
made using a finite element model of the T-38 structure (wing, center and 
forward fuselages only) . A comparison of the program response and the computer 
system billing for this model was possible using results from previous single 
structure and substructure analyses. 

Five different analy.ses over a one year period were made, then rerun with 
a redesigned wing simulating a realistic production situation (Figure 3). 


TESTS 


(1-la) Single Structure Analysis With One Set of Boundary Conditions 

Rigid Format 24 was used without any alters. Because this model, as with all 
others, was symmetric about the x-axis, only the left hand side was idealized. 
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Only s>Tnmetric loads were used for this analysis which required one set of 
boundary conditions along the x-ay.ls. A redesigned wing was run from a cold 
start . 

( 2- 2n ) Single Structu re A ti alysis With IVo Sets of Boundary Conditions 

Rigid format 24 with RF alter 24$1,3 allowed two sets of boundary conditions to 
be stored. The redesigned wing was run ns a cold start. 

(3-3a) Substructure Analysis With One Set of Boundary Conditions 

Rigid Format 24 with KF alter 24 $37 allows only one sot of boundary conditions. 
Therefore, only a symmetric load case v^as run. DMAP's have been written to 
work with two sets of boundary conditions by Sodlia , Reference 1. However, due 
to anticipation of the superelement cyclic symmetry capability, no attempt was 
made to duplicate this effort. The redesign was limited to and required only 
rennalysis of the wing. 

(4-4 a) Superelement Analysis With One Set of Boundary Conditions 

Rigid Format 48 vkis used in Version 38, but was replaced with DIIAPl in Version 
46. As in the substructure analysis, symmetric loads were used and the rede- 
sign test required only reanalysis of the wing and the residual structure. 

(5-5a) Superelement Analysis Using Cyclic Symmetry 

DMAPIC, Version 46, was used to allow the left hand side to be duplicated into 
a right hand side, Reference 2, Symmetric and unsyiv.inetric loadings were then 
applied. Redesign of the wing necessitated only the reanalysis of that par- 
ticular structure. 


TEST RESULTS 


Figures 4 and 5 show that the superelement/substructure methods for a 
large analysis are comparable to the single structure if only one solution is 
required. However, the first analysis is usually not sufficient and requires 
many iterations before a satisfactory solution is obtained. Under these cir- 
cumstances the substructure/superelement method proves itself far superior, 
requiring only one-third of the CPU time for a reanalysis using a new wing. 

Not only does this reduce the billing time, but even more important, this 
increases the chances that the job will run before tlie computer malfunctions. 

The superelement method uses a disk pack data base which reduces the mul- 
titude of Job Control Language (JCL) cards necessary to run the substructure 
analysis. This, in turn, reduces chances of making errors when a large group 
of engineers r./orks on the same project. No NASTRAN errors were encountered 
when using the superelement method; only a minor problem was found in the 
estimation of space needed on the data base. 
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CONCLUSIONS 


The superelement method will substantially lower computer run times for 
a large finite element analysis. This \jill decrease the job execution wall- 
clock time, which will decrease the chances that the computer system will 
malCuriction before an analysis is finished. For structures which require a 
large amount of computer resources and long execution time, the calendar time 
to finish an analysis will also be reduced. 

Simplification in Job Control Language, use of disk pack storage, and 
future resource commitment to the superelement method strongly recommend this 
technique to replace the single structure and substructure methods for any 
future project. 
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FIGURE 1 - NORTHROP T-38 FINITE ELEMENT MODEL 
PROTOTYPE - 36 DEGREES OF FREEDOM 
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FIGURE 2 - NORTHROP T-38 FINITE ELEMENT MODEL 

PRODUCTION MODEL - 9500 DEGREES OF FREEDOM 
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FIGURE 5 - COMPARISON OF NASTRAN COMPUTER RUNS FOR T-38 
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